







































DIFFERENT  PURPOSES  INCLUDING  ANALYTICAL  OR  BIOMEDICAL 
APPLICATIONS SUCH AS SENSORS	 CATALYSTS PHYSICAL STUDIES SUCH 
AS 3%23 EFFECT	 AND FOR FUNCTIONALIZATION OF THE OBTAINED GOLD 
LAYERS  ;=  !S  SUBSTRATES  A  SERIES  OF MATERIALS  WERE  USED 
SUCH  AS  SILICON  ;=  3I/  GLASS METALS  AND METAL  OXIDES  OR 
CARBON ;A= 4HE DEPOSITS OF GOLD NANOPARTICLES ON BARE GLASS 
SUPPORTS  PRESENT  USUALLY  A  LOW  ADHERENCE  THEREFORE  A 
PREVIOUS TREATMENT OF THE GLASS SURFACE IS NECESSARY 5SUALLY 
ORGANOSILANES  ;  =  ARE  USED  BASED  ON  THE  EXPERIENCE 
ACQUIRED  IN  THEIR  APPLICATION  AS  ½BREMATRIX  ADHESION 
PROMOTERS IN COMPOSITES ;=
4HE GREATEST ADVANCE OF THE  LAST DECADE  IN THE STUDY OF 
NANOPARTICLES  AND  THEIR  AGGREGATES  AS  WELL  AS  THEIR  AUTO
ASSEMBLIES IN THIN ½LMS ON DIFFERENT SOLIDS IS THE DEVELOPMENT 
OF  NOVEL  TECHNIQUES  TO  OBTAIN  IN  SITU  IMAGES  OF  ADSORBED 





!LSO  FOR  THE  ½RST  TIME  WE  REPORTED  THE  RESULTS  ON  THE 
INTERACTIONS  OF  THE  MAJOR  ALEURONE  PROTEINS  WITH  GOLD 
NANOPARTICLES  IN  COLLOIDAL  AQUEOUS  SOLUTIONS  USING  566IS 
SPECTROSCOPY AND 4%- OBSERVATIONS ;= 4HE DATA INDICATED 
THAT ALEURONE PROTEIN BINDS TO GOLD COLLOIDS 
)N  THE  PRESENT  PAPER  WE  STUDY  THE  IN¾UENCE  OF  GOLD 
NANOPARTICLES  AUTOASSEMBLED  AS  AN  INTERFACIAL  ½LM  ON  THE 
BINDING OF MAJOR ALEURONE PROTEIN USING 566IS SPECTROSCOPY 
!LSO THE STRUCTURE OF NANOSTRUCTURED GOLD ½LM COATED WITH 










DETERMINED  FROM  4%-  IMAGES  ;=  4HE  GOLD  ½LMS  WERE 
OBTAINED BY  PLACING  A  FEW DROPS  OF  THE  SAID  GOLD  COLLOIDAL 
SOLUTION  ON  GLASS  SLIDES  OPTICALLY  POLISHED  FRESHLY  CLEANED 


















7HILE  THE  COLLOIDAL  GOLD  SOLUTION  PRESENTED  AN  ABSORPTION 
MAXIMUM AT  NM  ;=  THE  AMINOPROPYL  SILANIZED GLASS 
SUBSTRATES  COATED  WITH  GOLD  NANOPARTICLES  PRESENT  AN 
ABSORPTION MAXIMUM AT  NM SAMPLE  &IGURE A	 AND 
  NM  SAMPLE    &IGURE  B	  4HE  SHIFT  OF  THE  SURFACE 
PLASMON BAND TOWARD HIGHER VALUES OF  THE WAVELENGTH CAN 
BE  ATTRIBUTED  TO  THE  REDUCED  NANOPARTICLE  TO  NANOPARTICLE 
DISTANCE IN THE GOLD ½LM COMPARED WITH GOLD NANOPARTICLES 




TO    ¯    NM  DEPENDING  ON  THE  QUANTITY  OF  PROTEIN 
ADDED  &IGURE  B	  AND  FOR  SAMPLE    THE  MAXIMUM  SHIFTS 
UNTIL        NM  WITH  INCREASING  AMOUNTS  OF  PROTEIN 
&IGURE A	 4HE SHOULDER AT LOWER WAVELENGTH IN &IGURE A IS 











4HE  GOLD  NANOSTRUCTURED  LAYERS  COATED  BY  PROTEIN 




GOLD  ½LMS  COATED  WITH  PROTEIN  WERE  DRIED  SLOWLY  AT  ROOM 
TEMPERATURE AND CONSEQUENTLY THE ½LMS OF NANOSTRUCTURED 
GOLD  SAMPLE    AND  SAMPLE  	  ARE  COATED  BY  INCREASINGLY 
THICKER ADSORBED PROTEIN LAYERS
-ETHODS






AND  WITH  ADSORBED  PROTEIN  SAMPLES    AND  	  USING  A 
COMMERCIAL !&- *%/,  EQUIPMENT WITH A  X  XY	 
M  SCANNER  OPERATING  IN  TAPPING  NOTED  ALSO  AC	  MODE 






IMAGES  WERE  OBTAINED  FROM  AT  LEAST  TEN  MACROSCOPICALLY 
SEPARATED AREAS ON EACH SAMPLE !LL IMAGES WERE PROCESSED 
USING  THE  STANDARD  PROCEDURES  FOR  !&-  4HE  SIZES  OF 
NANOPARTICLES  WERE  MEASURED  DIRECTLY  FROM  !&-  $
TOPOGRAPHIC  IMAGES  AND  THEIR  $VIEWS  4HE  THICKNESS 
























































CONTOUR  CAN BE OBTAINED BY  VARIOUS  CROSS  SECTIONS  THROUGH 
THE ½LM IN THE XZ PLANE SEE &IGURES  AND  PANEL D AND 
&IGURES  PANEL C	 4HE ½LM SURFACE IN ALL THESE IMAGES HAS 
A  RATHER ORDERED  STRUCTURE WHICH MIGHT BE  ROUGHLY  RELATED 











&URTHER  THE  RESULTS  OF  !&-  INVESTIGATIONS  ON  THE 
NANOSTRUCTURED  GOLD  ½LMS  BEFORE  AND  AFTER  ADDING  THE 
PROTEIN  SOLUTION  ARE  PRESENTED  IN  &IGURES    /NE  OF  THE 
ADVANTAGES  OF  !&-  OVER  4%-  IS  THAT  !&-  CAN  OFFER  THE 
POSSIBILITY  TO  DETERMINE  THE  DISTANCE  ALONG  THE  ZAXIS 
PERPENDICULAR  TO  THE  PLANE  OF  THE  ½LM  SURFACE  3INCE  THE 
SURFACE OF  THE GOLD ½LM  IS QUITE ORDERED  THE XAXIS  CAN BE 
DE½NED  AS  ANY  LINE  CONNECTING  THE  ADJACENT  PARTICLES  AS 




































AND  PACKED  IN  DISTORTED  PENTAGONS  OR  HEXAGONS  IN  THE 
THERMALLY TREATED ½LM &IGURES A B AND C	 4HE CROSS SECTION 
OF  THE  GOLD  ½LM  SURFACE  SHOWS  THAT  THERE  IS  A  QUITE  SHARP 
JUNCTION BETWEEN  THE GOLD  ROWS  &IGURE D	  IN  THE NASCENT 
½LM AND BETWEEN NEIGHBORING GOLD NANOPARTICLES IN THE GOLD 
½LM  HEATED  AT  HIGH  TEMPERATURE  &IGURE  D	  4HIS  COULD 
EXPLAIN THE SHIFT OF THE 566IS ABSORPTION PEAK TOWARDS LONGER 
WAVELENGTH IN NANOSTRUCTURED GOLD ½LMS &IGURES A AND B	 
AS  COMPARED  TO GOLD  COLLOIDAL  SOLUTIONS  ;=  SINCE PARTICLE 
AGGREGATION HAS THIS EFFECT ;= 4HE CAUSE RESIDES IN ELECTRIC 
DIPOLEDIPOLE INTERACTION AND THE COUPLING BETWEEN PLASMONS 
OF  NEIGHBORING  PARTICLES  INSIDE  THE  AGGREGATES  WHEN  THE 
INTERPARTICLE  DISTANCE  IS  SMALLER  THAN  THE  PARTICLE  DIAMETER 
;= AS FOUND IN OUR CASES &IGURES  AND 	 
 4AKING INTO ACCOUNT THE DATA ABOUT MORPHOLOGY AND CROSS 
SECTIONS  OF  THE  NANOSTRUCTURED  GOLD  ½LMS  WHICH  WERE 
REPEATED  OVER  SIX  MONTHS  IT  WOULD  APPEAR  THAT  THE  ½LMS 
MADE EITHER AT ROOM TEMPERATURE SAMPLE 	 OR AGED AT HIGH 
TEMPERATURES  SAMPLE 	 HAVE A DIFFERENT BUT  RATHER  STABLE 
SURFACE STRUCTURE &OR EXPERIMENTAL REASONS IT IS NOT POSSIBLE 
TO HAVE EXACTLY  THE SAME SCANNED AREAS  IN ½LMS AFTER EACH 
HEATING  OR  PROTEIN  ADSORPTION  STEP  4HUS  THE  IMAGES  IN 
&IGURES  TO  REFER TO SLIGHTLY DIFFERENT REGIONS OF THE GOLD 
½LM  SURFACES  IN  THE  ABSENCE  OR  PRESENCE  OF  PROTEIN 
#OMPARISONS AMONG THESE DIFFERENT REGIONS ARE NEVERTHELESS 
MEANINGFUL  SINCE  A  GREAT  NUMBER  OF  ½LM  REGIONS  WERE 
SCANNED  AND  THE  IMAGES  DEMONSTRATED  THE  ½LM  SURFACE 
UNIFORMITY FOR EVERY INDEPENDENT PREPARATION 
"EFORE  THE  NASCENT  GOLD  ½LM  IS  COMPLETELY  DRY  IT  IS 
REASONABLE  TO PRESUME THAT  THE GOLD PARTICLES ORDER COME 
INTO  CONTACT  AND  AGGREGATE  ON  SILANIZED  GLASS  SUPPORT  )T 
APPEARS  THAT  A  DEFORMATION  PROCESS  ACCOMPANIES  THE  ½LM 
















PRIOR  HEATED  AT  HIGH  TEMPERATURE  UNDER  APPROXIMATELY  THE 
SAME COATING PROTEIN LAYERS AS FOR &IGURES  AND  RESPECTIVELY 






AND   WITH  HIGH  PROTEIN  CONCENTRATIONS  IN  ADSORBED  LAYERS 
&IGURES  AND 	 CORRESPONDS TO A DIMINISHING EFFECT OF THE 
½LM SURFACE ROUGHNESS SEE 2-3 VALUES GIVEN IN 4ABLE 	 AND 
PROBABLY  TO  A  FADING  OF  BOUNDARIES  AMONG  ADJACENT  GOLD 
NANOPARTICLES  4HE  VERTICAL  DIMENSIONS  ¥Z  4ABLE  	  ARE 
MUCH  SMALLER  &IGURES  C  AND  C	  OR  PRESENT  ONLY  MILD 
UNDULATIONS  &IGURES  C  AND C	  FOR  GOLD  ½LMS  COATED WITH 
PROTEIN  THAN  IN  THE NASCENT  ½LM  SAMPLE   &IGURE D	  AND 
PARTICULARLY THAN IN THE HEATED ½LM AT # SAMPLE  &IGURE 
D	  4HE  SURFACE  STRUCTURE  OF  THESE  GOLD  ½LMS  COATED WITH 
THICKER  PROTEIN  ADSORBED  LAYERS  HAS  ALMOST  DISAPPEARED 
ESPECIALLY FOR THE HEATED GOLD ½LM &IGURE 	 
/CCASIONALLY  A  FEW  ROUNDED  SHAPES  CAN  BE  OBSERVED 
&IGURE A AND &IGURE A	 AND THEY PROBABLY CORRESPOND TO 
INITIAL  GOLD  NANOPARTICLES  COATED  BY  PROTEIN  OR  TO  NEW 
AGGREGATES  FORMED  BY  ADSORBED  PROTEIN  MOLECULES  4HIS 
½NDING  SUPPORTS  THE  IDEA  THAT  THE  SPACES  BETWEEN  GOLD 
NANOPARTICLES  ARE  ½LLED  UP  BY  PROTEIN  DURING  THE  PROTEIN 
ADSORPTION  PROCESS  4HE  PROTEIN MOLECULES  ARE  PRESUMABLY 
STRONGLY  ADSORBED  ON  NANOSTRUCTURED  GOLD  ½LMS  AND  THIS 
PROCESS WOULD SEEM TO LEAD TO A DECREASE OF THE DIFFUSION OF 
GOLD  FROM  NEIGHBORING  GOLD  PARTICLES  AND  THEREFORE  THEY 
STABILIZE THE SURFACE OF THE GOLD ½LM
/N  THE  OTHER  HAND  THE  IMAGES  IN  &IGURES    AND   
CORRESPONDING  TO  THE  LOWER  PROTEIN  CONCENTRATION  SHOW  A 
HIGH DEGREE OF ORDER SIMILAR WITH THAT FOUND IN PURE GOLD ½LMS 
WITHOUT  PROTEIN  AS  SHOWN  IN  &IGURE    SAMPLE    GOLD 
NANOPARTICLES ORIENTED IN ROWS	 AND &IGURE  SAMPLE  GOLD 






















THE  PROTEIN  ULTRATHIN  ADSORBED  LAYERS  AT  LOW  PROTEIN 
CONCENTRATIONS FOLLOW THE SHAPE OF GOLD NANOPARTICLES OF THE 
GOLD ½LM SURFACE OF EITHER SAMPLE  OR SAMPLE  4HIS ½NDING 
ALSO  SUGGESTS  THAT  PROTEIN  CONFORMATIONAL  CHANGES  MIGHT 
OCCUR BY ITS SPREADING ON THE GOLD SURFACE
4HESE OBSERVATIONS ARE CONSISTENT WITH THE SHIFTS IN 566IS 
SPECTRA  AFTER  ADDING  PROTEIN  AS  AN  EFFECT  OF  THE  PARTICLES 





!  SIMILAR  EFFECT WAS  OBSERVED  FOR  THE  ADSORPTION  OF  
PHENYLENEDIISOCYANIDE ON DIFFERENT SIZED GOLD NANOPARTICLES 
RESULTING IN AN AGGREGATION OF THESE PARTICLES ;= &OR SMALL 
PARTICLES  THERE  WAS  ONLY  A  SLIGHT  RED  SHIFT  IN  THE  566IS 





























































































































































































































THE  FOLLOWING    'LU  'LN  'LY  !SP  3ER  !RG  !RG  0RO  4YR 
6AL 0HE 'LY 0RO !RG 3ER OR (IS	 0HE )T IS TO BE NOTED 









;=  #ITRATES  WERE  FOUND  TO  BE  STABLE  UNTIL  TEMPERATURES 
OVER # ;= SO IT SHOULD BE PRESENT ALSO IN THE HEATED 
½LM &URTHER THE PROTEIN BINDING TO THE GOLD ½LM COULD LEAD 
TO  ITS  STABILIZATION  BY  FORMING  CROSS  LINKS  AMONG  GOLD 
NANOPARTICLES  FOR  INSTANCE  VIA  ELECTROSTATIC  INTERACTIONS 
BETWEEN  NEGATIVELY  IONIZED  GROUPS  #//	  FROM  ASPARTIC 
AND GLUTAMIC ACID BOTH PRESENT IN THE PROTEIN AND POSITIVE 
GROUPS  ON  A  PROTEIN  MOLECULE  BOUND  TO  ANOTHER  GOLD 
NANOPARTICLE 
&ROM THIS SUPPOSED ROLE OF STRONG ELECTROSTATIC BINDING IT 
DOES  NOT  NECESSARILY  FOLLOW  THAT  OTHER  CONTRIBUTIONS  ARE 
EXCLUDED  SUCH  AS  THOSE  FROM  STERIC  OR  HYDROPHOBIC 
INTERACTIONS !LSO DUE TO THE ADSORPTION OF PROTEIN MOLECULES 






GOLD  SURFACES  USING  QUARTZ  CRYSTAL  MICROBALANCE  AND 




566IS  SPECTRA  AND  ATOMIC  FORCE  MICROSCOPY  !&-	 
OBSERVATIONS ON NANOSTRUCTURED GOLD ½LMS CONTRIBUTE TO THE 
KNOWLEDGE  AND  UNDERSTANDING  OF  THE  STRUCTURE  OF  GOLD 
NANOPARTICLE  ½LMS AND OF  THEIR  INTERACTION WITH  THE PROTEIN 
FROM ALEURONE CELLS OF BARLEY 
&ROM  OUR  EXPERIMENTAL  DATA  IT  CAN  BE  INFERRED  THAT  THE 
ALEURONE PROTEIN IS BOUND TO GOLD NANOSTRUCTURED ½LMS AS IT 
WAS TO GOLD NANOPARTICLES IN COLLOIDAL AQUEOUS SOLUTIONS ;= 
BUT  THE  INTERACTION  IS  STRONGER  WITH  THE  AUTOASSEMBLED 
GOLD  ½LMS  4HE  BINDING  OF  PROTEIN  TO  CITRATE  COATED 
GOLD  NANOPARTICLES  SHOULD  OCCUR  PRIMARILY  BY  ELECTROSTATIC 
INTERACTIONS  SUCH  AS  SALTBRIDGES  BETWEEN  THE  CITRATE  AND 
THE  LYSINE  OR  ARGININE  POSITIVELY  CHARGED  ON  THE  PROTEIN 
SURFACE  (OWEVER  THIS  DOES  NOT  EXCLUDE  CONTRIBUTIONS 
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